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ABSTRACT : PURPOSE: To inexpensively produce an Nb-containing femtic steel sheet excellent in 



workability, high temp, proof stress, and corrosion resistance by applying specific age 
treating annealing, cold rolling, and finish annealing to a hot rolled plate of a steel having a 
specific composition consisting of C, SI, Mn, P, S, Cr, Nb, N, and Fe. 

CONSTITUTION: A steel stock, which has a composition consisting of, by weight, 
<0.b3% C, <2.0% Si, <2.0% Mn, <0.1% P. 4-30% Cr, 0.1-1.0% Nb, <0.03% N, and the 
balance Fe with inevitable impurities and further containing, if necessary, one or more 
kinds among 0.03-3.0% MO, 0.03-1 .0% CO, 0.03-1 .0% CO, <6.0% Al, and 0.005-1 .0% 
REM or one or more kinds among 0.03-0.2% Ti, 0.03-0.2% Zr, and 0.03-0.2% V, is 
hot-rolled. The resulting hot rolled plate is subjected to age treating annealing at 
650-900°C for 1 -30hr and to cold rolling at 50-85% draft. Then, the cold rolled sheet is 
finish-annealed at 800-930°C for <10min. 
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(54) mmcD^m i^h-^^yj^^y-c bmw.<DSkm-^m 



(57) mm: 

C : 0.03wt%«T, Si : 2.0 TtSSfitT, M 
n:2.0wt%JMT> P:0.1wt%6iT. S:0.0 

3wt%OT. Cr : 4->-30wt%, Nb : 0.1 ~1.0 w 

N : 0.03wt%£;T^-&#L, J^fiB^tFeiJj: 

0 -900 "CcDiaSISfflTl-SOBtFo^jSjfr^l^SSMafil 
M^ffVi, -?-CO?^50~85%©BET^T}^R5flE®L., iJC^^ 
-P800 -930 "CcDMK«iSHT?10i^£^T«^-r5'tt±tf«l 



1000 



eso 





^;K3 { 15Cr-0.SiJto) 






?&fm£rs^ 80% 






S^l^ra 10 hr 










1 


— J — 1 — 1 1 .. 1 





600 700 800 900 1000 

^^^Sd^MiS^ (C) 
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(2) 



W58¥8-1 9 9 2 35 



Si : 2.0 vi% 



im^mi} C :0.03wt!«eAT. 

Mn:2.0wt%OT< P:0.1wt%OT. 

S : 0.03wt%ji^T. Cr : 4~30wt%. 

Nb : 0.1 ~1.0 wt%. N : 0.03wt%etT«:^* 

mmrnvtc'^. eso ~9oo "c^msibht i ~3o^w« 

[i«*JH2] C : 0.03wt%£tT. Si : 2.0 vt% 

Mn :2.0 wt^etT. P:0.1wt%JKT, 

S : 0.03wt%WT. Cr : 4~30wt%. 

Nb : 0. 1 ~1.0 wt%. N : 0.03wt%«.T2r^=t 

mmmi^ttm^ 950 ~iioo'c©s«iisiaTio53'«F«g«^ 

T? 1 ~3OB#M^Sjt-r-S>Bt5a»^40ili5fTVi. ^CD^50~ 
SS^CDJET^T^^WEEML-, •,k\^^-V800 —930 "Ccoiajl 
«Bi8-C105^£^T«ltr5ft±tfi*^&fT'5 ^ t Si^mt 

m:^m 3 ] C : 0. 03wt %&rf. Si : 2. 0 vt % 

Mn : 2.0 wt%£tT. P:0.1wt%JmT, 

S : 0. 03wt %SKT> Cr : 4 — 30wt % . 

Nb : 0. 1 — 1.0 wt%. N : 0.03wt%fil,T«:-^W 

rajEML-fc^. 650 ~900 *COiaM?«5Ht? 1 —SOI^Kfii 
JtT-SW^jMS^MSrfrVV SSICSOO ~970t:oia« 
$gEi"ei05^JitF«3«J^-r-SII$SSjK*£S:fTl'\ ^®^50- 
85%CDflET^T7}^WJEffib, ^^CWTfSOO -930 rcDfiK 
*Bia-C105>J&lT«Jt-r-5ft-htf«feft*ff ^ t 

U(D^^m.^t)^ C : 0. 03wt % &rf. S i : 2. 0 wt 

Mn:2.0wt%OT> P : 0. 1 wt^gAT, 40 

S : 0.03wt%UAT. Cr : 4— 30wt%. 

Nb : 0. 1 — 1. 0 wt % . N : 0. 03wt %£iLT^"§'*^, 

75^:3Mo : 0. 03—3. 0 wt % , Co : 0. 03—1. 0 wt 96 . 

Cu : 0.03— 1.0 fft%. Al : 6.0 wt%e;T. 

REM : 0.005 -0.1 wt%CD3-&5&->6.Mfin-5 1 MSfclA 

?s-s>fecDt?ofesNb^*7x9't' hm*R(r)mmyj^. 
m^ms] W5RJii-3(^vi-rn*iij«t*DiiT, ?^ 

**®^:5i'*afi£A^C : 0.03wt%tAT» Si : 2.0 wt 

XSiT. 50 



Mn:2.0 wt%KT, 
S :0.03wt%6)lT, 
Nb: 0.1 —1.0 wt36» 

;0^OTi : 0.03—0.2 wt%. 



P :0.1 wt%e;T> 

Cr : 4— 30wtS6, 
N : 0.03wt9g£ilT&^*. 
Zr : 0.03—0.2 wt%. 



V : 0.03—0.2 vXXO'^^lfi^Wiin^ imt^tc\t.2m 

[W5)?^6] ^5|?Jll~3 0Vi-fn5&U3HlC:43(.iT. ^ 
U<Dl^^m.mfiC : 0.03wt%^T, Si : 2.0 wt 

Hn:2.0 wt%JKT. P : 0.1 wt^fitT. 

S : 0.03wt%filT, Cr : 4— 30wt%, 

Nb : 0. 1 — 1. 0 wt N : 0. 03wt %£;T^^*-. 

A>:3Mo : 0.03-3.0 wt%, Co : 0.03—1.0 wt%, 

Cu : 0. 03—1. 0 wt % . Al : 6. 0 wt fitT. 

REM : 0. 005 —0. 1 Wt % S 6 tCTi : 0. 03—0. 2 

wt%, Zr : 0.03— 0.2 wt%. 

V : 0.03—0.2 wt%<05-^j5^eMtSn-5 lffiSfc»2ffl 

t>®T*^Nb^*:7x'7-f hlHtRoSiig:;^}*. 

[0 0 0 1] 

t>oTtt±tfj^Mi&a!C9{i;T^BT«gic-r^Nb-^^ 
[0 0 0 2] 

[ii£*c7)S«] Nb^^jnbfc:7x^'i' hsg«, Ti^ 

[0 0 0 3] Z.Z.-^. ±|BbfcTi. ZrmMmU, t 

ftfiTt>+5J-HiS«pI«BT?*^. il^ilillSS 4- 1 

17 7 O^^^im. T i^jD^tfS 3 O-C, 3 5)-T?l 
SS-r-5Ct*t. ^^tz.Wiizmf^S^ (1 9 7 9) ^7^ 
fCtt> Z r§SttI7x7-1' h?RXT->l^XiiT8 3 O-C, 
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(3) 

3 

[0 0 0 4] ;int:>t=fLT. MIENb^ftim^iSH^iiiSia 

mtfi^^. mx^i. #^896 1-5101 2Wjkm.\z^ 

Y). mi^^f)m^-^i:.(Dmm.ffi. 7 9 s 0 5 

n{tkmz\t.. c r-^wa^B.s -9.5 n%\zvr:. 9 5 

iljBg 59-5222 G-^^^lftt^ iH*1tl^±©;fcii&N 
bS^SDtT^i^/ii^\ I^MKSrl 0 OO'CTSIi^LT. . Jf> 
}^3i^O^$ifiS9 5 0*C-efT-pfci:©tB«*t*-&, 
[0 0 0 5] 

[^B^;5««f*U«J;^a:-r^liM] £^±K!t-<feJ:5{c, N 
^^Tz^-tKM. Ti, Z r^SnmiCJtUTS^SmS 

*ti 0 ot:sffit)±#-rs, z.<orz.tb. Nbs^an^x^ 

iia. J^3il^CO{t-htf«IMiaaf€r9 5 O'CetiTfr-aT 

[0 0 0 6] ^^-n. 7^^m(Dsm\t. Nh^m-mvfc 
y^i^^bm^^mmr^mz, ^cojnitt, mumti 
^j:zsm±mz-Di^xi,r^^u^jv^mwvrc^^. 

^-B", ^mizmm-xi^^mmya'tx^mm-t^^t\z 

[0 0 0 7] 

frofc. -^-O^S*. <i:< (Cf^lSJEm{c®IE«5ffl®iaS 

If $ -a- ^ tt ®^;5:J«&rplJE2£^;5^^F«Ef S ^ t i: ©fr 

[0 0 0 8] ±82©ft]^?£A^*:{tLfcTIH<3!) 

(1) C : 0. 03wt%J^T> Si : 2.0 wt%Jj;T, M 

n : 2.0 wt%i^^T^ P : 0. 1 wt %e;T, S :0.0 

3wt%JWT. Cr : 4~30Tt%, Nb : 0. 1 ~1.0 w 

t%. N : 0.03wt%JBlT^-^#L, agl575^Pe:feJ; 



#M¥8-1 9 9 235 

4 

0 ~9oo "cwta^isfflT 1 ^sonmm-r^m^i&mm 
T800 ~93o x:(DU&mmT^io^&rFmm-r^ti:±\tm 

[0 0 0 9] (2) C : 0.03wt%e(.T, Si: 2.0 

wt%£;T. Mq : 2.0 wt%e^T. P : 0.1 wt%£A 

T. S : 0.03wt?seJlT. Cr : 4~30wtS5, Nb : 

0.1 ~1.0 wt%. N : 0.03wt%fitTS-g-WU ^ 

L-fc^, 950 ~1100'CcDiaS?aH-ei0^^tAf*3^jtT'5W 
iSSffi«l«ifi<£ff V\ S 6) fc650 ~900"C®MMffiEif 1 ~3 

ffiT^T^^fDlEE^L-. jX:Vit?800 ~930 "CCDfiSISfflT 

io4>etT«jfr^tfc±tfgi«i6&fT3 Jii^i^mt-r-sN 

[0 0 101 (3) C : 0.03wt%£tT, Si : 2.0 

viX&cr. Mn : 2.0 wt%aT. P : 0.1 wt%JEA 

T. S :0.03wt%&tT, Cr : 4~30wt%. Nb : 

0.1 ~1.0 wt%. N : 0.03wt5S6tT^£^*U ^ 

Lxfc^. 650 —900 "CODtajS^fflT 1 ~30B#ffiiS^-r^ 
S^^jaa^M^rfrl'^ $ e)tC800 ~970'COiaS|gBiTl 
0;J^«rt«it-ri.S*S^«!ifi|s*fft^ -5-©^50~859S© 
JET^TJ^PbIEEMU J>:ViT800 ~930 "CcDiajfiefflT 
i0^)-e;T»i$-r^{t±vf;^l$?£:fT-5 :i t *#iS;fr^N 

[0 0 11] (4) ±ffi(l) ~(3) CDVi-rn*>l-:3K*St> 
T. **J®fi£^3-iffl^3E*tC : 0.03wt%JEtT. Si : 

2.0 wt%fc(,T, Mn : 2.0 wl%J&lT» P:0.lTt 
%{itT, S:0.03wt%mT. Cr : 4~30wt%, 

Nb : 0. 1 ~1. 0 wt N : 0. 03wt X&Tf^^S^, 

ib-i-DUo : 0. 03~3. 0 vt %. Co : 0. 03~1. 0 wt 96, C 
u : 0.03—1.0 wt%, Al : 6.0 wt%^T, FEM :0.0 

05 -0.1 vt%(Do%A^iE>mitn^im^rc\t2m&.± 

[0 0 12] (5) ±K(1) —(3) ©Vifn*Ut5lC*frs 
T, m^(Dl$.^m.l$.f}^C : 0.03wt%i;T, Si : 

2.0 vt%&rF. Mn : 2.0 vi%&rf. P : 0.1 wt 

%KT. S : 0.03wt%jiiT, Cr:4~30wt%, 
Nb : 0.1 — 1.0 wt%. N : 0.03v\%i:jrf^^Sif., 

■fy^-zili : 0.03—0.2 wt%, Zr : 0.03—0.2 wt%, 
V : 0.03-0.2 wt%«)'5-5*>SS«nS ltt*fctt2ffl 

[0 0 13] (6) ±12(1) ~(3) CDVi-rn*^ ItJlCfcLi 
T, i^W®^5-m;5g*«C : 0.03wt%JEJlT. Si : 

2.0 wt%UATs Mn : 2.0 wt%JJtT, P:0.1wt 
%KT, S : 0.03wt%tiT. Cr : 4~30wl%, 
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Nb : 0. 1 ~1. 0 wt%> N : 0.03wt%OT<£-&*-. 

a^-DUo : 0. 03~3.0 vt%. Co : 0.03~1.0 wt%, C 
u : 0.03~1.0 wt9g, Al : 6.0 wtSfiJKT, REM : 0.0 
05 ~0.1 wl% &-g-^5»-, SeJ^Ti :0.03~0.2 wt%, 
Zr : 0.03~0. 2 wt%. V : 0.03~0.2 wt%CD'5"feA^e> 

[0 0 14] 

fflbfc«'&Ofia|^|gi;teJ;t^02tCSK-r. Ml it.. 14.9 
wt%C r -0.48wt%Nb (Si ©893) CDNb-&^7x 
5"f MC, *l5B^^fe (1SJ15inm®l^@1S^8 0 CCX 

1 0 h r <D^gi^aLSj^i«-»jBET^8 0 %<Di^mmm^m 

»2mm©?^aEtR§tt±tf«lft) ^=8^515^* (5mmO|^ 
M«£9 8 CCXSmi n©j^M^JET^8 0%©?^m 
}£m-*WLm 2 mm®?^M«&tt:Jbtf i^fifi) t ^^tl^tl 

[00 15] |g2»i, 1 5wt%C r ^JL^-T hX 

y^>UXm (C: 0.008 ~0.012wt%, Si:0. 8—0.9 w 
t%. Mn : 0. 2 —0.3 wt%. P : 0.031 —0.035 wt%. 
S : 0.002 —0.005 wl%. N : 0.005 — O.OlOwt %) ^ 
^-XlCNb«S:^^fc$-&&SH{COViT*^HJ^ (SJP 
5mmC05^®te*9 8 01CX 1 m i nH^SJftM— 8 0 
0 "Cx 1 0 h r ©PtSi^yiJl^^^EET^ 8 0 %(D?^Pb^H 
3^-J^®«^tt±tfiftiit) (5mm®l8i^«^ 
9 8 0~1 0 0 CCX 3m i n «)«l^-»JET2p 8 0 %® 

??frBijEM-*?^5iE«^fl:±tm§i6) L^^ti^nmmhrz 
tt. 0iic^-rj;-5/^ffc±tfM^jas (efe^i^Rgimi 

[0 0 16] 132*^^, t¥*teT?tt. NbSTiSjfASlC 

on. Wi^siaffi'fe±^b> 0.1 wt%®Nb^am?»9 

5 Ot:. 0.6 wt%CDNb-T?lil 0 0 0 "CigigCDHi^gM 

miz^^<D\z^v. :i^^mmit, Nb^*«ic<t6.-rH 
[0 0 17] z-cD^oiz. miiiiimm^mmLrc:^^m<D 

ttofST*<®^^nit. b*ib, ^32B-rsJ:5{c, 

HjSfd.fc-pTSigbfc:'!^^ h^tc43its^:ne.©!tt 



(4) «fBB¥8-l 9 9 2 3 5 

#tts^b, b*^t>?^raffiM^®Wi^asKo*-ai£T 

[0 0 18] *S|B^cDr®J:5;5:«ft«tt, *^Dj^e.co 

^©7}?-f >hiiv. i^wiEEMmoHfgftijaat}^ 

NbS:nISLS<JlcMi!>S-e'5;itlCj;oT. }^S^C0#ia 
"tJ icWm-r ^ N b oTS.Wtt^^i>$ C iidipJSEt/^ 
o & c: t J cfc T ^ s n it O T? ^ i: % A. T V i 
•5. 

[0 0 19] *^B^(Cfcl'>T, Nh-^^yjiy-i 

C :0.03wt%OT 

20 c\t. mun.^ mm\i^ wfttttcws-ea&sfcfe. o.os 

vtXKTF. 0^ b < m. 005 wt % ff^. 
[0 0 2 0] Si : 2.0 wt%JJAT 

sitt, mmitmzmmf3i7im'v$>r), s^. gf!,^^ 

^:^X{cJ;-5^^^K^*tcMbTt>*-«4fj:7cigTab'5, 
bTi^b. 2.0wt %S:®x.^tJaXt4*^^it-rSOT, 2. 

0.7 ~1.3 wt%t?i&-5, 

[0 0 2 1] Mn : 2.0 wt%JWT 
Mn«. 2.0 wt%^®A^t®'fbb, 
50 fcJi). 2.0 wt%j!JtT. b<«0.5wt%eAT. ^^tC 

[0 0 2 2] P : 0.1 wt%jy.T 

p«. SDXtt^^'fb^-tt^TcsgtfabO. 0.1 n%^mA. 
^tmz^(D^mf)mm\zts.^<D-v. o.iwt%i^Tv » 
* b < tto. 04wt %&rfii-r^. 

[0 0 2 3] S : 0.03wt%fi(.T 

S(i> JPXttSr^ibS-tir^TClgTa&D, 0.03wt%^ffix. 
^i:i|#lC^C0^#7i^®^tC;fe^®-tf, 0.03wt%etT. » 
S b < ttO. Olwt X&rFLT^. 
40 [0 0 2 4] Cr : 4— 30wt% 

;fe7c3gT?a5D. 4wt96*siG)^jn»-rttigta (m«9 

5 0"C) lc*ttSili»BSYttt*tjg^^T€r;&:<;i«. 

3 0 wt % *® A ^ izm(Dm\\:ti^'m b < j^c d , ssMttT^s^w, 

ib-r-Sfc. bfc!^»tc>T. CrCD^SPa»4~30wt%> »^ 
b<ttl 0~2 Owt9g®<SSfflt-rS. 
[0 0 2 5] Nb : 0.1 —1.0 wt% 

/iTc^T*^. 0.1 wt%*ji-ett^»ja«75i+^^Ttt/^c 

50 lwt%£iSAT^JP-rSt, ^— '^XfflcDWtUlC 
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~1.0 wt%, if*b<«0.3 ~0.6 wt%0|gfflt-r-5. 

[0 0 2 6] N : 0.03wt%£tT 
Ntt, inXtt, WftttJC^^TfeSfcfe, 0.03 

nXSJCf, *f*L<ttG.010 wtSSOTfTS, 

[0 0 2 7] Mo : 0.03—3.0 wt% 

SfcjtxCT^aaisns. ^o&m. 03wt9g*9in?ttS()« 
*«fj:<. 5a*J®^Ja»J)nxii**^b$-&sfc8e>, 0.03- 

3.0 wt%C9*gffl. »*U<tt0.1 -1.3 *t%CD*dH-C^ 

[0 0 2 8] Co : 0.03—1.0 yr\% 

T^;^-r^. ^iD»dt0.03fft%*iST«x!)ll*<?i<, 1. 
0 wt%S®;lT^i)nLTfe^m**fi&ftJ-rSfcJ&. 0. OS- 
LO wt9S. iffSKtto.oe-o.s wts«o«fifflfrs. 

[0 0 2 9] Cu : 0.03—1.0 wt% 

SltCJ^DT^iDSn^. ^«)art^0.03wt%*?^Tt*^:^ 

iiapj®^jpttjnxi4S^{b$-ii--5fc«e). o. Os- 
lo wt%<D$Bffl. »*b.<tt0.1 -0.8 wt%(Z)«BB"r^ 

[0 0 3 0] Al : 6.0 wt%OT 

^O-C, 6.0 vt%&,Tcomm> $f^b<ttl.O— 3.0wt 

tt. A 1 ffiiffiL.-ncV»:®^lCtt0.01Wt%etTT&0, * 
fc, A l»JKt--5a-&HW0. 01-0.1 Wt36S«#* 

[0 0 3 1] REM : 0.005 —0.1 wt% 

v-OTtmn^w^-t^, zL(D7m\t. o.oo5owt%JKJiCD 
■r^i, f^Po^ft]X'ti©{gT4ta<fc«?). 0.005 -0.1 wt 

»SL<li0.005 — 0.04wt%©*5H-^^llDT'5. 
[0 0 3 2] Ti : 0.03-0.2 wt% 

^■i). *J!)Pfi*^. 0.03wt%*?i5§-e»-?-ffl'^«;^«;^c<. — 

o.2.wt%sj@^T^ttjUTt). ^m*<iafp-r^© 

-e, 0.03-0.2 wt%. Jf ^ U<tt0.05~0.15wt%CDlSBI 
SmSi-r^. Ti+Zr+VCD-&tj-ftibT0.03— 0. 

[0 0 3 3] Zr : 0.03—0.2 wt% 

$-S-&5ail75^a&^, ^ilOfi7)i, 0.03wt%7fejiT«^CD^ 
W:.ifi1S.<. 0.2.¥t%S:jS^TisJjpLTfe, ^^A* 

figftf^COT?. 0.03— 0.2 wt%, $f*b< «0.05— 0.15 

vixo^mm-cmtsu-r^, ^rz. li+zr+vco-s-w-stu 
TO. 03-0. 2 n%(Dmmii-r^(Df}i^\,\ 



(5) !tfM¥8- 1 9 9 2 3 5 

[0 0 3 43 V : 0;03-0.2 \ft% 

S-ar-S^JId^JfeS. ^inflid^, 0.03wt%*^T«^-wS6 
Mfflf3i<. — 0.2.wt%?£j®^T^iinUTt>. 
fiSfa-rSO-C, 0.03—0.2 TtSg. JfSKttO.OS-O.lS 
wt%C9f5ffl-t?^iD-r^o Ti + Zr + V<D-g•f^S^:^ 

TO. 03-0. 2 wt%©«5Hfr^©7JSJ:Vi. 
[0 0 3 5] 'A\Z, *f8Wfc*3V»T, aSiS^fl^SrSeW 

^3Yi.< C : 0.007 yit%. Si :0.85wt%v Mn:0.39 
wt%, P : 0.035 wt%, S : 0.004 wtas, Cr : 14.7wt 

%, Nb : 0.48wt%, N : 0.008 wt%A^e)7&:^Nb-^'e'7x 
I^^Ma«i$i6 ({SitPSK 1 0 h r) 
-EET^B 0 %®;^MffiM-mM«coti:JiJf«fe&fi®XS 

[0 0 3 6] S3tC^Sn-g)J;'5{C, Rt^!lM3^taa!ICtt 

^^ittSMK*^. 6 5 0'C*«STt). 9 0 0"C<£jaAT 

fel»#?iCD^m;'5t/jN$l,^fcs6, 6 5 0 — 9 0 CCOiaS® 
ffltcT'SiJ^ST&t^S. i^*5, »*bViaKI5ffltt7 0 0 

— 8 5 o*c<D®a[®fflT*-5. v»-rnoD^^ia3s 

S*«ffiSI(C*3liTfe. m$mm^ 1 lltPB^*^Ta5-5i:i- 
^i-lcffiSS^ia«;SSfg;T-ti-r, 3 0 l^rp1?&^;lTS!i 

m9!immm-immism'mz».}^^tz\t^mmz^r3 xn 
30 oTfc^ mmmz^^xff^x^^i^^. 
[0 0 3 7] 'm^^mm 

{giT-r^;^^, mmmonm^xmt:Hi}U'r^:iL\z^r) 
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